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Background: The evidence of the relationship between sensorimotor function and blood glucose and
their determinants in the elderly is limited in developing countries. This study investigated the rela-
tionship between sensorimotor function and blood glucose and compared the association between
sensorimotor function and blood glucose and several determinants in Chinese people aged 50e74 years.
Methods: A multistage stratiﬁed random cluster sampling method was used to sample 2476 individuals
with a response rate of 81% in the Qingdao region. Pair-wise correlation analysis was performed to
investigate the relationship between sensorimotor function and blood glucose. To display the association
between the health domains and their determinants, t tests and one-way analysis of variance were used.
Results: Near vision acuity showed a negative correlation with blood glucose (p < 0.05), but other health
variables had no signiﬁcant correlation with blood glucose. Sex, resident area, income, education, and
body mass index (BMI) status were signiﬁcant determinants of respiratory function, handgrip strength,
hearing, near vision acuity, and blood glucose in the elderly.
Conclusion: Our ﬁndings suggested that Chinese elderly who have a high blood glucose concentration
may also have a worse status in near vision. Sex, resident area, income, education, and BMI were sig-
niﬁcant predictors of sensorimotor function and blood glucose.
Copyright © 2014, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
China is in a “population aging” era. According to the 2010 na-
tional census, the number of people aged 60 years and older was
177,648,705 individuals, which accounts for 13.26% of the popula-
tion1. Compared with the 2000 national census, the proportion of
the population aged 60 years and older increased by 2.93 per-
centage points, which indicates that China has started to experi-
ence the “population aging” phenomenon. Therefore, we
emphasize the importance and necessity of determining the health
status and its associated factors in Chinese elderly.
Physical function and its association with regional, socioeco-
nomic, and body mass index (BMI) determinants in the elderly is
well documented in developed countries, but has not beenve no conﬂicts of interest to
r, Division of Public Health,
d Prevention, Number 175,
na.
tric Emergency & Critical Care Meresearched adequately in developing countries2e7. The results from
Bridgetown and Havana show that values in handgrip strength and
“chair stand” tests for men are greater than for women and that
increasing age reduces the prevalence of people having better re-
sults in both sexes8. A study by Sj€olund et al9 showed signiﬁcant
urban versus rural differences in population attributable risk for
disability due to stroke, diabetes mellitus, fractures, and hearing
impairment, and showed that the rural elderly population is more
disabled and has more diseases in comparison to the urban elderly
population, despite being slightly younger than the urban cohort.
Kaneda et al10 report that men of higher socioeconomic status had
advantages with respect to life and active life expectancies. Only
active life expectancy was signiﬁcantly higher for women of higher
socioeconomic status, but differences based on income were not
statistically signiﬁcant. Arias-Merino et al11 also demonstrate that
the Mexican community-dwelling elderly population at the low
education level had a higher prevalence of disability in basic and
instrumental activities of daily living.
In the present cross-sectional observational study, we plan to (1)
investigate the relationship between respiratory function, handgrip
strength, hearing, near vision acuity, and blood glucose and (2)dicine. Published by Elsevier Taiwan LLC. All rights reserved.
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determinants (e.g., sex, resident area, income, education, and BMI
status) in Chinese people aged 50e74 years.
2. Methods
2.1. The studied population
The survey was conducted in 2009 in Qingdao municipality,
China. The data were collected from the Qingdao University Chi-
nese Aging Study. A total of 2476 enrolled people aged 50e74 years
who lived in the local area for more than 5 years were selected by
using a multistage stratiﬁed random cluster sampling method from
three rural districts (i.e., Jiaonan, Huangdao, and Jimo) and three
urban districts (i.e., Sifang, Shibei, and Shinan). A total of 2006 in-
dividuals consented to participate in the study, thereby resulting in
a response rate of 81%. Table 1 shows the validated number of
participants and the rate of missing value in each health domain. In
the current screening, we did not exclude participants with any
disease because such exclusion could underestimate the true
decline of physical performance of middle-aged adults. Informed
consent forms were signed by the participants and the study was
approved by Qingdao Health Bureau Ethics Committee.
2.2. Questionnaire
Each participant's information on name, sex, birthday, address,
local resident years, personal monthly income, and education level
were recorded during an in-house interview. Average monthly in-
come for each participant was divided into three levels: <600 yuan
[Renminbi (RMB)], 600e1999 yuan (RMB), and >2000 yuan (RMB).
The education level included illiterate, primary, junior, senior, and
college or higher.
2.3. Physical examination
Height and weight were determined with a portable stadi-
ometer (SECA, Shanghai, China) and digital scale (SECAmodel 770).
The BMI was calculated as an individual's weight in kilograms
divided by height in meters squared (kg/m2). Using the Chinese
standard, “underweight” was deﬁned as BMI of <18.5; “normal”, as
a BMI of  18.5 but <24.0; “overweight”, as a BMI of 24.0 but
<28.0; and “obesity”, as a BMI of >28.0.
Respiratory function was assessed by a dry rolling-seal
spirometer (Ohio Medical Instrument Company, Cincinnati, OH,
USA) using standard determinations of the forced expiratory vol-
ume in the 1st second (FEV1) and the largest forced vital capacity
(FVC) with a dry rolling-seal spirometer (Ohio Medical Instrument
Company)5.
Handgrip strength was measured to the nearest kilogram of
each participant's dominant hand using an electronic dynamom-
eter (WCS-100; Yuejian Electronics, Nantong, China). TheTable 1
Valid samples and the missing rate of each health variable.
Scales Valid samples Missing rate (%)
FEV1 1941 3.2
FVC 1941 3.2
Handgrip strength 1951 2.7
Hearing level 1963 2.1
Near vision 1948 2.9
Blood glucose 1985 1.0
FEV1 ¼ forced expiratory volume in 1 second; FVC ¼ forced vital capacity.measurement was obtained with the participant in an upright
position and with the arms unsupported and parallel to the body.
Audiometry was measured in a quiet room with a diagnostic
audiometer (EN.60645-1, EN.60645-2 type 2A, Madsem Iteral 2; GN
Otometrics, Taastrup, Denmark). Each participant received pure-
tone audiometry test alone. The process started at the right ear,
and ascended from 1000 Hz, to 2000 Hz, to 4000 Hz, and then
descended to 1000 Hz and 500 Hz12,13. We chose the better ear for
our analysis.
Functional presbyopia is deﬁned as the need for a signiﬁcant
optical correction added to the presenting distance refractive
correction to achieve a near visual acuity criterion.With the current
distance refractive correction, the participant was asked to read our
near vision E chart (Dechengbo; Beijing, China) held up at eye level
and 30 cm away in ambient outdoor illumination. Each participant
read the chart by using two eyes to the nearest 0.5 diopter at the
same time, and gestured the direction they saw the “E” facing. The
lower the line an individual could clearly see, the higher the in-
dividual's score, which indicated better near vision acuity.
Fasting blood glucose concentration was measured from the
participants by a blood glucose meter (Bayer, Whippany, NJ, USA)
after a 10e12 hour overnight fast. Only the measurements and
questionnaires that the research nurse assessed as reliable were
included in the analysis.
2.4. Statistical analysis
All the data were analyzed using SPSS, version 16.0 (SPSS Inc.,
Chicago, IL, USA). Pair-wise correlations were estimated by calcu-
lating the Pearson's correlation coefﬁcients for blood glucose with
other health variables. The signiﬁcance of a correlation coefﬁcient
was assessed by calculating the t value, as follows:
t ¼ r
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn 2Þ=1 r2
q
[1]
and refers to the t distribution with a degree of freedom of ne2 in
which n is the number of pairs. Independent-samples t tests were
used for comparisons between the two groups. One-way analysis of
variance (ANOVA) was used to compare variables at different in-
tervals. Tests were two-tailed at a signiﬁcance level of 0.05.
3. Results
A total of 2006 elderly Chinese people, aged 50e74 years, who
resided in the Qingdao region were interviewed. As Table 2 shows,
57.9% of the participants were female and the number of rural
residents was slightly greater, compared to their 824 urban coun-
terparts. Among the study participants, 68.2% had a poor economic
status whereas only 2.7% had a monthly income of >2000 yuan
(RMB). One-half of people had a primary and junior education level,
and fewer people had a senior education level or greater. Only a few
people (2.5%) were underweight. The number of overweight people
and normal peoplewas nearly the same, and obesity had reached to
22.8%.
Table 3 presents the mean levels of respiratory function, hand-
grip strength, hearing, near vision acuity, and blood glucose, as
examined by portable instruments. The mean FEV1 accounted for
87.2% of the FVC. The lowest hearing threshold was at 2000 Hz,
whereas the highest threshold was at 4000 Hz, compared to other
audiometric frequencies. This indicated that the hearing level was
better at 2000 Hz than at 4000 Hz. The mean (standard deviation)
of blood glucose concentration was 5.9 (1.6) mmol/L.
A pair-wise correlation analysis was performed to display the
relationship between blood glucose and respiratory function,
Table 3
The average level of the health domains, as measured by physical examination.
Scales Mean SD
FEV1 (L) 1.78 0.58
FVC (L) 2.04 0.72
Handgrip strength (kg) 26.6 10.1
Hearing level (dB)
500 Hz 34 12
1000 Hz 29 12
2000 Hz 28 14
4000 Hz 38 19
Near vision 0.28 0.15
Blood glucose (mmol/L) 5.9 1.6
FEV1 ¼ forced expiratory volume in 1 second; FVC ¼ forced vital capacity;
Hz ¼ Hertz; SD ¼ standard deviation.
Table 2
Frequency distribution of the participants' sociodemographic characteristics.
No. %
Sex
Female 1162 57.9
Male 844 42.1
Resident area
Rural 1182 58.9
Urban 824 41.1
Income
<600 1368 68.2
600e1999 583 29.1
2000 55 2.7
Education
Illiterate 785 39.1
Primary and junior 998 49.8
Senior and above 223 11.1
BMI (kg/m2)
Underweight 50 2.5
Normal weight 742 37.0
Overweight 756 37.7
Obesity 458 22.8
BMI ¼ body mass index.
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indicates, near vision acuity showed a negative correlationwith the
blood glucose concentration (p < 0.05), but other health variables
had no signiﬁcant correlation with blood glucose.
The association between the participants' characteristics and
their health domains was also examined. Table 5 summarizes the
results.
There were signiﬁcant respiratory function and handgrip
strength differences betweenmales and females (p < 0.001). No sex
differences in hearing status at 1000 Hz, near vision, and blood
glucose concentration were observed. The mean values in FEV1,
FVC, handgrip strength, and hearing level in rural participants were
higher in comparison to their urban counterparts. However, the
hearing difference at 4000 Hzwas not signiﬁcant, but blood glucose
concentration had a reversed pattern. The higher the person'sTable 4
Correlation between blood glucose concentration and other health domains.
Scales n r p
FEV1 1941 0.030 0.182
FVC 1941 0.028 0.215
Grip strength 1951 0.042 0.065
Hearing level
500 Hz 1963 0.015 0.516
1000 Hz 1963 0.007 0.765
2000 Hz 1963 0.012 0.607
4000 Hz 1963 0.017 0.444
Near vision 1948 0.155 0.047
FEV1¼ forced expiratory volume in 1 second; FVC¼ forced vital capacity; Hz¼Hertz.income and education level, the better was the respiratory function,
handgrip strength, and hearing status. However, the elderly par-
ticipants with a higher income or lower education had a higher
average blood glucose concentration (p < 0.05). There was a steep
increase in respiratory function, handgrip strength, and blood
glucose concentration in association with increasing BMI index,
although no signiﬁcant difference was observed in handgrip
strength. There were also signiﬁcant differences between under-
weight and overweight individuals in the FEV1, FVC, and hearing
status at 500 Hz and 1000 Hz.
4. Discussion
We performed a population-based cross-sectional study on
sensorimotor function and blood glucose concentration and certain
determinant factors during aging in elderly Chinese individuals. To
our surprise, more than one-third of the participants were illiterate
andmore than one-half of the participants had monthly incomes of
<600 yuan (RMB), which indicated that the elderly in China are in a
very poor socioeconomic situation, and probably should depend on
their children or other people.
Our correlation analysis revealed that near vision acuity showed
a signiﬁcantly negative correlation with the blood glucose con-
centration, which suggests that a person who has a higher blood
glucose concentration may also have a worse status in near vision.
Our signiﬁcant ﬁnding is consistent with an observational study14
that showed an inverse relationship between axial length and the
development of proliferative diabetic retinopathy; furthermore, the
elasticity changes in the crystalline lens and its capsule could have
already started in the hyperglycemia phase, not just in the diabetes
phase. Our ﬁnding that the hearing threshold has no correlation
with the blood glucose level is supported by a study15 that reported
that typical medical risk factors such as hypertension and diabetes
mellitus apparently have a small roledcompared to increased
environmental noise and modern life stylesdin hardness of hear-
ing that occurs in old age. Previous reports that have investigated
the association between respiratory function, handgrip strength,
and blood glucose in the elderly are limited.
Similar to previous studies16e20, we observed a substantial male
advantage in FEV1, FVC, and handgrip strength. Furthermore, Wu
et al21 report that the effects of age and sex and their interaction on
grip strength favored females who had a slower rate of decline; an
age-dependent decrease in hearing level; and a greater rate of age-
rated decline. However, a retrospective study22 performed at the
Korle Bu Teaching Hospital (Taipei, Taiwan) showed that obstruc-
tive lung disease was most prevalent (> 25%) with equal distribu-
tion between the sexes.
Despite the history of research examining the effects of
ecological setting on health, surprisingly little is known about
health differences between people living in urban and rural areas,
particularly in the developing world23. In the present study, a
substantial rural advantage in respiratory function, handgrip
strength, and blood glucose level were demonstrated in our Chi-
nese participants, which is consistent with the ﬁndings of an earlier
study24 that showed rural residents across 22 states of China to be
in better functional health, compared to their urban counterparts,
which may be because agricultural labor offers health advantages
to the rural population. We meanwhile found a rural disadvantage
in hearing status. Hearing loss can be induced by noise, ear disease,
and other factors; in multivariate analyses, the habit of frequent tea
or coffee consumption were the protective factors of hearing loss
(OR ¼ 0.03, 95% CI: 0.01, 0.51)12,25. In addition, a smoking habit has
been characterized as an independent risk factor for hearing
loss13,26. The ruraleurban differences we found in the hearing level
may be related to these factors.
Table 5
Association between the health domains and sociodemographic characteristics of the studied samples.
Scales Sex p Resident area p Income p
Female Male Rural Urban <600 600e1999 2000
FEV1 1.64 ± 0.47 2.09 ± 0.61 0.000 1.91 ± 0.56 1.70 ± 0.56 0.000 1.70 ± 0.54 1.93 ± 0.58 2.24 ± 0.66 0.000
FVC 1.90 ± 0.65 2.35 ± 0.76 0.000 2.22 ± 0.62 1.92 ± 0.75 0.000 1.94 ± 0.72 2.25 ± 0.65 2.63 ± 0.66 0.000
Handgrip strength 22.1 ± 6.2 36.5 ± 9.6 0.000 28.7 ± 10.9 25.2 ± 9.2 0.000 25.0 ± 9.2 29.3 ± 10.3 39.5 ± 11.1 0.000
Hearing level
500 Hz 34 ± 11 33 ± 12 0.049 35 ± 12 32 ± 10 0.000 34 ± 12 33 ± 10 30 ± 10 0.014
1000 Hz 28 ± 11 29 ± 13 0.390 30 ± 12 27 ± 11 0.000 29 ± 13 27 ± 10 24 ± 9 0.000
2000 Hz 27 ± 13 31 ± 16 0.000 29 ± 15 27 ± 14 0.008 29 ± 15 26 ± 14 22 ± 9 0.000
4000 Hz 32 ± 16 50 ± 20 0.000 39 ± 19 37 ± 19 0.307 38 ± 20 38 ± 19 39 ± 19 0.805
Near vision 0.28 ± 0.01 0.29 ± 0.02 0.078 0.30 ± 0.28 0.29 ± 0.14 0.633 0.30 ± 0.12 0.34 ± 0.19 0.34 ± 0.15 0.079
Blood glucose 5.9 ± 1.5 5.9 ± 1.6 0.333 5.8 ± 1.6 6.0 ± 1.5 0.011 5.8 ± 1.4 6.1 ± 1.6 6.3 ± 2.3 0.005
Scales Education p BMI p
Illiterate Primary and junior Senior and above Underweight Normal weight Overweight Obesity
FEV1 1.55 ± 0.48 1.86 ± 0.57 2.22 ± 0.56 0.000 1.57 ± 0.55 1.77 ± 0.60 1.79 ± 0.57 1.81 ± 0.53 0.044
FVC 1.77 ± 0.57 2.15 ± 0.75 2.50 ± 0.64 0.000 1.76 ± 0.79 2.05 ± 0.81 2.05 ± 0.68 2.06 ± 0.60 0.062
Handgrip strength 21.9 ± 7.6 28.6 ± 9.9 34.0 ± 10.9 0.000 24.2 ± 8.1 26.4 ± 9.7 27.6 ± 10.3 27.3 ± 10.4 0.200
Hearing level
500 Hz 35 ± 12 33 ± 11 33 ± 10 0.006 38 ± 13 33 ± 11 33 ± 11 35 ± 12 0.000
1000 Hz 31 ± 13 28 ± 11 26 ± 9 0.000 32 ± 15 27 ± 11 28 ± 11 30 ± 13 0.005
2000 Hz 29 ± 15 28 ± 14 25 ± 12 0.000 32 ± 17 27 ± 13 27 ± 14 29 ± 15 0.004
4000 Hz 37 ± 19 39 ± 20 36 ± 19 0.017 38 ± 19 36 ± 18 37 ± 19 41 ± 20 0.000
Near vision 0.23 ± 0.10 0.30 ± 0.10 0.39 ± 0.11 0.000 0.25 ± 0.14 0.26 ± 0.13 0.29 ± 0.14 0.30 ± 0.18 0.191
Blood glucose 6.1 ± 1.8 6.0 ± 1.6 5.8 ± 1.5 0.012 5.1 ± 1.9 5.8 ± 1.6 6.0 ± 1.5 6.6 ± 1.5 0.000
FEV ¼ forced expiratory volume; FEV1 ¼ forced expiratory volume in 1 second; FVC ¼ forced vital capacity, Hz ¼ Hertz.
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respiratory function, handgrip strength, and hearing status; how-
ever, they had a worse blood glucose concentration. The previously
mentioned ﬁndings suggest that high income is a positive predictor
of respiratory function, handgrip strength, and hearing, but a
negative predictor of blood glucose concentration. With regard to
the association between blood glucose concentration and income,
our ﬁnding is consistent with that from 228 communities in nine
diverse provinces27.
A strong association was observed between the education and
health domains in our Chinese participants. According to Lasheras
et al28, a lower educational level was associated with unhappiness,
poor social relationships, poor self-assessed health, and sensory
problems among the elderly. Education is an important indicator
that may directly or indirectly inﬂuence physical health through its
association with higher social class and economic status.
Numerous population-based cross-sectional and longitudinal
studies around world have established an association between the
BMI and diseases and have agreed that the BMI is the warning
signal of a wide variety of diseases, especially metabolic diseases29.
However, one study30 reports that a high BMI in lung cancer pa-
tients after resection had a protective effect, which may be because
of the better nutritional status of the patient. Our analysis shows
that underweight elderly people and obese elderly people had a
worse health status, compared to their normal weight counter-
parts. Furthermore, underweight elderly people also had a worse
health status in FEV1, FVC, and hearing status at 500 Hz and
1000 Hz, compared to their overweight counterparts. In the liter-
ature, studies on the association between BMI and respiratory
function had drawn conﬂicting conclusions. According to Maiolo
et al31, the correlation between FVC and BMI was more signiﬁcant
than the correlation between FEV1 and BMI. However, Park et al32
report that the FVC and FEV1 did not show a correlation with the
BMI in males. Our conclusion may be inconsistent with the previ-
ously mentioned studies because of differences arising from study
design, age range, or ethnic samples.
Most rapidly growing aging populations and complex social and
economic implications of general health in the elderly are going to
be a challenging issue for the Chinese government. We hope thatour ﬁndings can be a reference in the development of more efﬁcient
policies on improving the health level of old people. The advantages
of our study are its large sample size, population-based design, and
wide range of determinants.
However, several limitations need to be addressed. First, the
HBA1c data, which reﬂect reliable blood glucose concentrations,
was unavailable. Second, a cross-sectional survey only permits the
investigation of associations rather than causation among general
health and its determinants.
In conclusion, near vision acuity showed a signiﬁcantly negative
correlation with the blood glucose concentration in our Chinese
samples, which suggests that a personwho has a high blood glucose
concentrationmay also have aworse status in near vision. However,
the other health variables had no signiﬁcant correlation with blood
glucose. Sex, resident area, income, education, and BMI were sig-
niﬁcant predictors of sensorimotor function and blood glucose.Acknowledgments
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